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Introduction
At RAN4 #100-e, the technical discussion on pre-configured measurement gap patterns as part of the Rel-17 work item on NR and MR-DC measurement gap enhancements [1] was continued. Agreements and open issues were captured in the WF [2]. 
Following agreements were reached and following items for further study were identified.
	Use cases for preconfigured MG patterns (aside SSB measurements) 
· It is feasible to config Pre-MG for PRS measurements. 
· The exact configuration of Pre-MG used for PRS measurement can be FFS 
· FFS on whether UE assumes the Pre-MG is always activated
· FFS if UE should always indicate serving cell about the PRS measurement when it is configured with pre-MG.
· It is up to NW to configure either Pre-MG which shall be always activated or legacy MG for PRS measurement
· It is feasible to configure a Pre-MG for CSI-RS L3 inter-frequency measurement. 
· The exact configuration of Pre-MG used for CSI-RS L3 inter-frequency measurement can be FFS 
· FFS on whether UE assumes the Pre-MG is always activated
· It is up to NW to configure either Pre-MG which shall be always activated or legacy MG for CSI-RS L3 inter-frequency
Parameter to differentiate the legacy MG and Pre-MG  
· The RRC parameter(s) used to differentiate Pre-MG with the legacy MG are needed when Pre-MG is being configured 
· The exact signalling can be designed by RAN2 
Parameter to indicate the status (activation/deactivation) of Pre-MG at or during configuration  
· NW can control activation/deactivation of pre-configured MG 
· RRC based activation/deactivation method is supported
· Network can indicate activation/deactivation status per BWP
· Details of signalling are FFS
· FFS if MAC CE based activation/deactivation method is supported
· Companies are encouraged bring inputs on the conditions when NW based activation/deactivation and explicit rules for activation/deactivation are used.  
Note: This issue is related to the following agreement at RAN4#99-e, “Status of pre-configured MG is not fixed at RRC configuration”.
Relation of pre-configured MG with the current legacy MG 
· Without considering concurrent MG and on top of the RRC parameter(s) used to differentiate Pre-MG with the legacy MG,
· FFS whether additional mechanism is needed to switch the configured pre-MG to serve as the same functionaries as the legacy MG (MG is always on).
Activation/deactivation of pre-configured MG: criteria 
· The explicit rules for pre-configured MG autonomous activation/deactivation shall be defined for the case when signalling is not provided,
· The general principle to define Pre-MG autonomous activation/deactivation criteria can be: 
· If MG is not required by any of the configured measurements, the MG is deactivated.
· If MG is required by one or more of the configured measurements, the MG is activated
· FFS the detailed criteria for pre-MG autonomous activation/deactivation
· Option 1:
· MO’s needs on the gap for the measurements(inter-f, inter-RAT, intra-f with gap) changed because of any operations below
· BWP switching  
· adding/removing any measurement object(s),
· adding/releasing/changing a PSCell, 
· activating/de-activating any Scell(s)
· Option 2 :
· The Pre-MG status (activation/deactivation) is triggered by active BWP switching as follows:
· Pre-MG is activated if the BW of the SSB configured for measurement is not fully within the BW of the active BWP. 
· Pre-MG is deactivated if the BW of the SSB configured for measurement is fully within the BW of the active
Activation/deactivation of pre-configured MG: conditions 
· FFS if additional conditions beside BWP switching for pre-configured MG activation/deactivation shall be considered 
· Option 1: pre-configured MG activation/deactivation can be triggered by  finishing the following network commands and procedures: BWP switching, adding/removing any measurement object(s), adding/releasing/changing a PSCell, activating/de-activating any SCell(s).
· Option 2: pre-configured MG activation/deactivation is triggered ONLY by the DCI/Timer based BWP switch in accordance with the WID objective # 1.
· Other options not precluded
Activation/deactivation of pre-configured MG: mechanism
· The pre-configured MG activation/deactivation is triggered by the DCI/Timer based BWP switch
· FFS if additional conditions for pre-configured MG activation/deactivation shall be considered
· NW can control activation/deactivation of pre-configured MG
· RRC based activation/deactivation method is supported
· Network can indicate activation/deactivation status per BWP
· Details of signalling are FFS
· FFS if MAC CE based activation/deactivation method is supported
· Additional explicit rules for pre-configured MG autonomous activation/deactivation shall be defined for the case when signalling is not provided
· UE capability on the support of NW-controlled and autonomous pre-configured MG activation/deactivation mechanisms can be further discussed 
· Companies are encouraged bring inputs on the conditions when NW based activation/deactivation and explicit rules for activation/deactivation are used 
Activation/Deactivation Delay
· Additional transition time (T = TBD) on top of the BWP switching delay shall be included in the pre-configured MG activation/deactivation time.
Measurement period 
· FFS in the future meetings for the general principle to define the measurement period e.g.: 
· Applicability 
· Main components which shall be included in the measurement report period 
· Others
UE behavior after deactivation of pre-configured MG
· Without considering concurrent gap, after Pre-MG being deactivated, UE shall perform measurement without MG and be able to receive and transmit in the serving cell. 
MG patterns used for the pre-configured MG mechanism
· All existing MG patterns #0~25 in Rel-16 are applicable for the pre-configured MG 


This contribution provides our view on some of the above FFS items. 
Discussion
Use case Pre-MG for PRS measurements
The feasibility of using Pre-MG for PRS measurements was agreed at RAN4 #100-e. 
In fact, for positioning, periodic location reporting can be configured with reporting intervals between 1 and 64 sec, which may require frequent RRC signalling, i.e. Location Measurement Indication with subsequent RRC reconfiguration, in case positioning measurements require different MGP than previously configured by network. This RRC signalling load can be avoided by including PRS measurements to pre-configured MG pattern usage.
Moreover, for positioning, enhancements foreseen in Rel-17, investigations into latency reduction and gapless measurements [3] [4] should be taken into account in this context, thus further justifying applying pre-configured MG patterns also for PRS measurements.
Open issues in WF [2] are related to 
· whether UE assumes the Pre-MG is always activated
· if UE should always indicate serving cell about the PRS measurement when it is configured with pre-MG.
In our view, the Pre-MG concept consists in separate configuration and (de-)activation of the MG in time, that is a Pre-MG is configured in first phase, then activated / deactivated in second phase, before it is de-configured or re-configured in third phase. For PRS measurements, the Pre-MG can be configured in first phase, then activated based on actual LPP Positioning request received from LMF, thereafter de-activated after sending the Location Measurement Information to LMF, again activated for next LPP Positioning request, etc. until the Pre-MG for PRS measurement is not anymore needed and hence it is de-configured by the network. 
Thus, a UE shall not assume that Pre-MG for PRS measurements is always activated. Nevertheless, the network may indicate at time of configuration, whether or not the Pre-MG for PRS measurement is immediately activated or will be activated subsequently. In our understanding, upon reception of the LPP Positioning request, UE determines, whether based on positioning parameters MG is needed or not, and it indicates to serving cell the need for using Pre-MG sending a Pre-MG activation request to gNB, which responds with an activation grant as depicted in Fig.1 below. This is a similar procedure as for legacy MG configuration upon LPP positioning request.
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Fig.1: Pre-MG activation for PRS measurements.
Furthermore, it is noted that RAN1 has agreed at RAN1 #106bis-e to specify UL MAC CE signalling for UE MG activation request. The corresponding agreement is listed below [5].
	Agreement (Proposal 2.1.2-2)
· Support using UL MAC CE for MG activation request by UE (Option 2).



This yields to following proposal:
	a) For Pre-MG use case for PRS measurements, a UE shall not assume that Pre-MG for PRS measurements is always activated. 
b) For Pre-MG use case for PRS measurements, the UE sends an indication to serving cell, requesting the activation of the Pre-MG, which is granted by the gNB using DL MAC CE based MG activation command. 
Use case Pre-MG for CSI-RS L3 inter-frequency measurements
The feasibility of using Pre-MG for CSI-RS L3 inter-frequency measurements was agreed at RAN4 #100-e. Open issues are related to 
· whether UE assumes the Pre-MG is always activated.
As for PRS measurements, activation/deactivation of Pre-MG should be decoupled from Pre-MG configuration. 
Thus, a UE shall not assume that Pre-MG for CSI-RS L3 inter-frequency measurements is always activated. Nevertheless, the network may indicate at time of configuration, whether or not the Pre-MG for CSI-RS L3 inter-frequency measurement is immediately activated or will be activated subsequently.
This yields to following proposal:
	For Pre-MG use case for CSI-RS L3 inter-frequency measurements, a UE shall not assume that Pre-MG for CSI-RS L3 inter-frequency measurements is always activated. 
Differentiation between Pre-MG and legacy MG
As discussed during RAN4 #100-e [6], Pre-MG will be configured with common and different RRC parameters compared to legacy MG. Although the exact signalling will be designed by RAN2, triggered by the outgoing LS at RAN4#100-e [7], it is important to determine the scope of the different RRM parameters. 
The RRC parameters common with legacy MG are 
· related to MG pattern (i.e. gap pattern index, gap offset, MGTA) and 
· setup/release indication used to indicate whether the Pre-MG is configured or de-configured (no activation is indicated).
The RRC parameters different to legacy MG are 
· indication about the Pre-MG type, 
· indication per BWP, whether the Pre-MG is immediately activated or not (in latter case it is activated separately at a later point in time) 
· indication whether network-controlled MG activation or UE autonomous MG activation is used, and 
· type of signalling mechanism for network-controlled MG activation (RRC signalling, MAC CE).
· Other parameters are not excluded. 
It is noted that the indication whether network-controlled MG activation or UE autonomous MG activation is used, signalled at time of Pre-MG configuration, is a proposal related to the open issue in WF [2]:
“Companies are encouraged bring inputs on the conditions when NW based activation/deactivation and explicit rules for activation/deactivation are used.” 
Thus, following proposal is made:
	RAN4 to agree on scope of RRC parameters, common and different to legacy MG, which need to be signalled at Pre-MG configuration with 
· common parameters related to MG pattern (i.e. gap pattern index, gap offset, MGTA) and setup/release indication used to indicate whether the Pre-MG is configured or de-configured (no activation is indicated) and
· different parameters, such as 
· indication about the Pre-MG type, 
· indication per BWP, whether the Pre-MG is immediately activated or not (in latter case it is activated separately at a later point in time), 
· indication whether network-controlled MG activation or UE autonomous MG activation is used, and 
· type of signalling mechanism for network-controlled MG (de-)activation (RRC signalling, MAC CE).
· Other parameters are not excluded. 
Another open issue, discussed at RAN4 #100-e, is related to the aspect, whether additional mechanism is needed to switch the configured Pre-MG to serve as the same functionaries as the legacy MG (MG is always on). In our view, the network should have good understanding whether it configures Pre-MG or legacy MG. For instance, in case of Inter-RAT measurements, it was decided not to support them by Pre-MG, but by legacy MG. Thus, no extra mechanism to switch between legacy MG and Pre-MG is needed, just RRC reconfiguration procedure is executed to release legacy MG and configure Pre-MG or vice versa.
This yields to following proposal:
	No mechanism to switch between legacy MG and Pre-MG is needed, just RRC reconfiguration procedure is executed to release legacy MG and configure Pre-MG or vice versa.
It is noted that the case of required inter-RAT measurements with other concurrent measurements (SSB, CSI-RS L3, PRS) is considered within the framework of independent and concurrent MG patterns.
MAC CE based Activation/Deactivation of MG pattern
RAN4 #100-e agreed on the principle that the network can control activation/deactivation of pre-configured MG.  Whilst RRC based activation/deactivation method was agreed to be supported, the support of MAC CE  based activation/deactivation method was left FFS.   
In our view, fast activation / de-activation of MG pattern with explicit activation/deactivation command, that allows network control, is desirable. Using RRC signalling will impose further latency in performing and reporting measurements compared against MAC CE signalling. We estimate further latency of 10-20 ms for RRC signalling versus MAC CE signalling. 
Further latency of 10-20 ms for RRC signalling is estimated versus MAC CE signalling.
Furthermore, MAC CE based activation/deactivation is more flexible compared against RRC based activation/deactivation, as it can be done at any time a new MO is added/removed.
MAC CE based activation/deactivation is more flexible compared against RRC based activation/deactivation, as it can be done at any time a new MO is added/removed.
Both benefits can be exploited for periodic positioning in terms of latency reduction and for other scenarios. We do not consider the signalling robustness of MAC CE as an issue, as it has low signalling loss probability as well as HARQ protection and already used for several lower layer procedures. Thus, RAN4 should agree on this method and inform RAN2 to design the MAC CE based activation method for Pre-MG. 
Furthermore, it is noted that RAN1 has agreed at RAN1 #106bis-e to specify DL MAC CE signalling for MG activation. The corresponding agreement is listed below [5].

	Agreement (Proposal 2.2.2-2)
Support the following option (from the agreement made in RAN1#106-e) for a new MG activation procedure to be performed by the gNB.
1. Option 2: DL MAC CE
1. FFS: Deactivation process



This yields to following proposal:
	RAN4 to agree on MAC CE based activation / deactivation method and inform RAN2 to design the MAC CE based activation method for Pre-MG.
Conditions for Activation/Deactivation of Pre-MG
Regarding conditions for network-controlled MG activation/deactivation, RAN4 #100-e discussed whether additional conditions beside DCI/Timer based BWP switching for pre-configured MG activation/deactivation shall be considered. In our view, DCI/Timer based BWP switching is one of the triggering mechanisms, but not the only trigger mechanism. As discussed above, Pre-MG can be configured and activated as well for positioning and CSI-RS L3 inter-frequency measurements, which are majorly independent from BWP switching. Thus, the additional use cases need to be taken into account as well for defining the conditions for Pre-MG activation/de-activation. 
Option 1 in WF [2]: 
· Pre-configured MG activation/deactivation can be triggered by finishing the following network commands and procedures: BWP switching, adding/removing any measurement object(s), adding/releasing/changing a PSCell, activating/de-activating any SCell(s).
should be modified in the following way.
· Pre-configured MG activation/deactivation can be triggered by finishing the following network commands and procedures: BWP switching, adding/removing any measurement object(s) for intra-frequency with gap and inter-frequency for SSB / CSI-RS L3, adding/releasing/changing a PSCell, activating/de-activating any SCell(s), and upon reception of LPP positioning request. 
This yields to following proposal:
	For network-controlled Pre-MG activation/deactivation, it can be triggered by finishing the following network commands and procedures: 
· BWP switching, 
· adding/removing any measurement object(s) for intra-frequency with gap, inter-frequency for SSB / CSI-RS L3, inter-RAT (NE-DC)
· adding/releasing/changing a PSCell, 
· activating/de-activating any SCell(s), and 
· LPP positioning request. 
Criteria for Activation/Deactivation of Pre-MG
Regarding criteria for UE autonomous MG activation/deactivation, RAN4 #100-e agreed on the principle that Pre-MG is activated in case MG is required by any of the configured measurements and else it is deactivated.  Due to the above aspect on conditions for using Pre-MG, the same consideration applies here. Thus, as a baseline following criteria need to be checked by UE in case of UE autonomous MG activation/deactivation:  
· Measurement object’s needs on the gap for performing measurements (inter-frequency, inter-RAT, intra-frequency with gap) changed because of any operations below
· BWP switching  
· adding/removing any measurement object(s),
· adding/releasing/changing a PSCell, 
· activating/de-activating any Scell(s)
This equals option 1 in WF [2]. One aspect for clarification is the inter-RAT measurement object. In our understanding, this is related to NE-DC operation only, as Pre-MG usage for inter-RAT measurements (GSM, UTRAN, E-UTRAN) was previously excluded since legacy MG is configured in this case.
This yields to following proposal:
	For UE autonomous Pre-MG activation/deactivation, following criteria need to be checked:         
The need of any configured measurement objects for the gap to perform measurements (inter-frequency, inter-RAT (NE-DC) , intra-frequency with gap) is changed because of any operations below
· BWP switching  
· adding/removing any measurement object(s),
· adding/releasing/changing a PSCell, 
· activating/de-activating any Scell(s)
UE capability for Pre-MG support
RAN4 #100-e progressed the discussion on UE capability support for Pre-MG. The WF [2] list the agreement
· UE capability on the support of NW-controlled and autonomous pre-configured MG activation/deactivation mechanisms can be further discussed  
While UE capability for Pre-MG support will be widely determined by the supported gap patterns, the support of NW-controlled / UE autonomous Pre-MG activation needs to be as well addressed. In our view, different support level needs to be avoided, otherwise inter-operability issues between network using one type and UE only the other types would arise. Thus, UE supporting Pre-MG needs to support both network-controlled and UE autonomous Pre-MG activation, which is dependent on what the network signals at time of Pre-MG configuration. 
This yields to following proposal:
	UE supporting Pre-MG needs to support both network-controlled and UE autonomous Pre-MG activation, which is dependent on what the network signals at time of Pre-MG configuration.
Pre-MG usage for multiple concurrent MG patterns 
According to work plan, discussion on Pre-MG usage in the context of multiple concurrent MG patterns was allowed to start after RAN4 #100-e. Although the Pre-MG design for the case of single MGP is not yet finalized, the framework of concurrent MGP’s is considered as key issue to introduce Pre-MG in NR deployments. 
In the framework of concurrent MG patterns, RAN4 has already decided to allow the support of up to two different concurrent MGP’s per FR [8]. For each MGP, measurement objects are configured that are associated with one or more frequency layers. Thus, a certain frequency layer (including PFL) can only be measured with one MGP.
While the relationship of concurrent MGPs to legacy MGP is still to be defined, in our view, the usage of a legacy MGP needs to be modified if applied in the context of multiple concurrent MGPs. In our understanding, the legacy MGP should be used for configured measurement objects, which are not subject to MG activation/deactivation, the latter being measured through Pre-MG. Therefore, it is called permanent MG here. 
Concurrent MGs may thus be defined as the combination of permanent MG’s and/or Pre-MG’s. As Pre-MG is not used for Inter-RAT measurements, permanent MG will serve for these measurements. In our view, the major use case for concurrent MGP’s is the combination of permanent MG and Pre-MG per UE and per FR. Other combinations such as multiple Pre-MG’s or multiple permanent MG’s are less important. 
	In the context of concurrent MG patterns, the combination of Pre-MG with a permanent MG, latter serving for measurement objects, which are not subject to MG activation/deactivation, is  seen as major use case and should be prioritized by RAN4 over other combinations.
Conclusion
In last RAN4 meeting, the technical discussion on pre-configured measurement gap patterns as part of the Rel-17 work item on NR and MR-DC measurement gap enhancements [1] was continued. Agreements and open issues were captured in the WF [2]. In this paper, we discuss the various open issues, make observations and list a number of proposals.  
We observed:
1. 	Further latency of 10-20 ms for RRC signalling is estimated versus MAC CE signalling.
1. MAC CE based activation/deactivation is more flexible compared against RRC based activation/deactivation, as it can be done at any time a new MO is added/removed.
Following proposals are made, which we see necessary to be considered in the discussion to ensure that a practically usable feature will be developed:
1. 	a) For Pre-MG use case for PRS measurements, a UE shall not assume that Pre-MG for PRS measurements is always activated. 
b) For Pre-MG use case for PRS measurements, the UE sends an indication to serving cell, requesting the activation of the Pre-MG, which is granted by the gNB. 
	For Pre-MG use case for CSI-RS L3 inter-frequency measurements, a UE shall not assume that Pre-MG for CSI-RS L3 inter-frequency measurements is always activated.
	RAN4 to agree on scope of RRC parameters, common and different to legacy MG, which need to be signalled at Pre-MG configuration with 
· common parameters related to MG pattern (i.e. gap pattern index, gap offset, MGTA) and setup/release indication used to indicate whether the Pre-MG is configured or de-configured (no activation is indicated) and
· different parameters, such as 
· indication about the Pre-MG type, 
· indication per BWP, whether the Pre-MG is immediately activated or not (in latter case it is activated separately at a later point in time), 
· indication whether network-controlled MG activation or UE autonomous MG activation is used, and 
· type of signalling mechanism for network-controlled MG (de-)activation (RRC signalling, MAC CE).
· Other parameters are not excluded. 
	No mechanism to switch between legacy MG and Pre-MG is needed, just RRC reconfiguration procedure is executed to release legacy MG and configure Pre-MG or vice versa.
	RAN4 to agree on MAC CE based activation / deactivation method and inform RAN2 to design the MAC CE based activation method for Pre-MG.
	For network-controlled Pre-MG activation/deactivation, it can be triggered by finishing the following network commands and procedures: 
· BWP switching, 
· adding/removing any measurement object(s) for intra-frequency with gap, inter-frequency for SSB / CSI-RS L3, inter-RAT (NE-DC)
· adding/releasing/changing a PSCell, 
· activating/de-activating any SCell(s), and 
· LPP positioning request. 
	For UE autonomous Pre-MG activation/deactivation, following criteria need to be checked:         
The need of any configured measurement objects for the gap to perform measurements (inter-frequency, inter-RAT (NE-DC) , intra-frequency with gap) is changed because of any operations below
· BWP switching  
· adding/removing any measurement object(s),
· adding/releasing/changing a PSCell, 
· activating/de-activating any Scell(s)
	UE supporting Pre-MG needs to support both network-controlled and UE autonomous Pre-MG activation, which is dependent on what the network signals at time of Pre-MG configuration.
	In the context of concurrent MG patterns, the combination of Pre-MG with a permanent MG, latter serving for measurement objects, which are not subject to MG activation/deactivation, is  seen as major use case and should be prioritized by RAN4 over other combinations.
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